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A spin investigation has been oonduoted in the fangley =-foot 
free-spinning tunnel cm a 1/20-8osle model of the CbanOe Vought . 
xF6U-1 airplane, The effeots of aontrol settings and movements upon 
the ere& and inverted spin and reaovsry oharacteristios of the m o d ~ l  
were determined for the normal-f'fghter oonditioa. The imst igat ion 
also inoluded t e s t s  .for th0 take-off fighter b o n d i t i o n  (wing-tip 
tanks plus fuel added) spin-reornery paraohtee ,  and simulated pi lot  
e soape 

In geaora1, for the normal-fighter condition, the m o d e l  -8 
extremely osoillatory in rol l ,  pitoh, and yaw. The angles of the 
fuselage varfed from extremely flat t o  inverted attitudes, and the * 

model rotated with the rudder in a series of short turns and glides& 
Reoweries by rudder reversal were rapid butthe model would immediately 
go into a epln  in the  other direotiaa. Reooveries by merely neutralizing 
the rudder were satisfactory when the elevator and a i leras  were se%. 
to neutral, the enming flight path befng a -stoep glide.  Thus, it iL 
reoammended that all oontrols be neutralized for safe reoovery f'rom 
spins obtained m the aftplane. 

Vith the external Iring-tip tanks installed, the spins were sciae- 
what less osofllatory in r o l l  but reoovery oouXd not be obtained unless 
full-down elsvator was used in oonjunotiaa wfth the rudder. If a 
spin 3.8 entered inadvertently with the full-soale airplane with 
external wing-tip tanks installed and if reoovery i e  not imminent after 
a reoovery attempt is made, it is reoamnended $hat t h e  t a n k s  be 
jettinsoned and the oontrols neutralized. 



Either an 8-foot tail or a S-fsot wing-tip spin-recovery 
paraohub (drag coeff ic ient  468 8nda77, respectively) i s  reommended 
as an emergency spin-recovery  devioe during demonstration spins. 

If it should become neoessary to jump from the spinning airplane, 
it appears that the outboard s i d e  is the opt3mm aide from whioh the 
pi lo t  should attempt t o  eseape. Because of the violent  osoil lationa 
that will probably be encountered, however, it may be advisable to 
ins ta l l  a posiltive ejeotion meohanism for ttg p i l o t  to insure safe 
e scape - 

INTBODUCTIOH 

In aooordanoe with 8 request of the Bureau of  Aeronautios, 
Navy Department, testswere performed in th6 Langley 20-foot free- 
spinnin tunnel t o  doterrnine the spin and. reuovery oharaotsristics 
of a &O-aoale model of the Chance -TTought XF&-1 a i r a b s .  The 
a f r p h e  i s  a single-plaoe, low-wing, j e t  fighter, and it .is 
equipped with slotted fhps xhioh -are ext_-.ndcd_ for the- czuising, 
take-off, and landing candition. . .  - . - .. 

Ths ereot spin and recovery aharaoteristics of the model were 
determined for the normal-fighter high-speed condition ( f l a p s  full 
up, landln ge* retraoted) far the  normal-fighter  cruising. 
cohditian ff'laps extended bo, landing gear retracted). Investigations 
were also omducted t o  determine the e f feo t s  of installing  external 
fue l  tanks at the wing t ips .  Brief t e s t s  were made with the  center 
of gravity moved forward and rearward of the narmal oenter-of- 
gravity position. In addit ion,  pilot-escape t e s t a  a113 t e s t s   t o  
determine the ef feot  of emergenoy spin-recovery tail and Ring-tip 
parachGtes were performed. Tests suggested by Chance-Vought with 
t h e  model loaded to simulate a X)OO=pourid overload condition were 

loading would be sini lar to the results  obtained for the normal- 
f ighter .  loading. 

' . , -,in& oonsiderod neces68ry, as It  was felt that test results f o r  this 

b 

SYMBOLS 

w i n g  epan, f ee t  

s .  wing area, square feet  

0 mean serodynamic ohord - 



. 

. 

x/o' ratio of distanoe of oenter o f  gravity rearward of 

a/; ratio of distance between oenter of gravity and thrust 

leadbg edge of  mean aerodynamio chord to mean 
aeradynamio ohord 

line t o  mem aerodynamic ohord (positive when center 
of gravity is belm thrust l ine) 

m -mass of afrplane, slugs 

P air density, slug per uubio f o o t  ,. 

P relative density of airplace 6%) 
fX. fyr rZ moments of inertia about X-, Y-, and Z-body axes, . 

mb2 
Ix - 1% respectively, slug-feet2 

inertia yawing-moment parameter 

inertia rolling-moment parameter 

inertia pitching-rnontent parameter 
mb2 

a angle between thrust l ine and mrtiaal (approemately 
equal t o  absolute value of angle of attack at 
p h n e  of symmetry). degrees 

kf angle &tween span axis and hor izonta l ,  degrees 

V full-soale true  rate of dement, feet  per seuond 

5 .- f'ill-scale angular velooity about spin 8xi6, revolutions 
per gecond 

c .  helix angle, mgls between f l l ght  path and vertical, 
degrees (For this model, the average absoluk 
value of the hel ix  angle was approximately 3 O .  1 

B approximate angle of sideslip at osnter of  gravity, 
degrees (S fdeS l ip  is inward when the inner wing IS 
down by an amount greater than the helix angle.) 
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APPARATUS AND MFtTEODS 

The 1/20-scale model of the Chasm -Vought XF6U-1 airplane w88 

furnished by the Bureau of Aeronautics, Navy Department, and was 
prepared for testing by Langley. The model was cheoked for dimensional 
aoouraoy and prepared for  testing by the Langley Laboratory. A 
three-view  drasing of the model as tes ted  i n  the  high-speed ccmdition 
is  shown i n  figure 1, The dimenaional charaoteristfcs of the airDlme 
are given in  table I. 

Photographs of the model for the  normal-fighter  high-speed and 
oruising  oondit ias  are  shown in figures 2 and 3. respeotively. 
Figure 4 is a photograph of  the model with the wing-tip fuel tanks 
installed. 

The model was ballasted with  lead weights to obtain dynamic 
similarity to the a irp lane  at an altitude of L5,OOO feet ( p =  O.Ool4q4 
slug per cubio f o o t )  -Tk external fuel _?a.&s (957 p q d s  each, 
f u l l y  loaded, f u l l .  soale) were independently bal lasted  i n  order 
that the proDer change i n  mass d~i&rfbution-w~yld be effected when 
the  external fue l  tanks were instelled. A remote-oantrol mechanism 
w s  installed in the model to aotuate  the oon t ro l s  or open the 
parachute for reoovery tes ts ,  and also to release the p i l o t  for 
the emergency e s o q e  tests. S u f f i c i e n t  moments were exerted on the 
c o n t r o l  surfaces during reoovery t e s t s  to reverse the oontrols 
fu l ly  and rapidly. 

A 1/20-acale dumny model was bui l t  and ballasted at Langley 
to  ~eDr~s€tnt  the p i l o t  and parachute (200 pounds) at l 5 , O O O  feet.  

Wfnd Tunnel and Testing Technique 

The model t e s t s  were performed in the  Iangley 20-foot free- 
spinning tunnel, the operation of which i s  generally similar to the 
described i n  reference I f o r  the L a g l e y  lt j-foot frce-spinning tunnel, 
exoept that the model-launohing teuhnique has been ohanged. With 
the oont ro ls  s e t  i n  the desired position, the model i a  launched by 
hand with rotation in to  the vert ical ly  rising air' stream. After a nwnber 
of turns in the establiehed spin, recovery i s  attempted by moving m e  
or more oontrols by means of' a remote-oontrol meohmism. After 
reoovery, the model d ives  i n t o  a safety net. A photograph of the 
model durfng a spin is shown in figure 5. 

The data presented were determined by methods described in 
referenoe 1 and have been converted to oorresponding full-soale 
values. The turns f o r  reoovery a r e  measured from the time the cantrols 
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are moved, OF the paratohute is opeaed, t o  the time the spin rotation 
oeases. Reoovery i n  2. tu rns  or less has been adopted as the 
c r i t e r i o n  for a sa t i s fac tory  spfn recovery f o r  the model. For t he  
spins whioh had a rate of descent i n  exoess o f  that which oan 
readily be a t t a ined  in the tunnel, the rate of dement was recorded 
a s  greater than the  veloci ty  at the tfme tho model h i t  the safety 
net, as > 300. For these tests, the recovery was attempted before 
the  model reached i t s  final steeper attitude and w h i l e  the  nodel 
was. st i l l  descending in the tunnel and suoh results are  oonservative. 
For recovery  attempts i n  whhh the mode1 atruok the safe ty  nst 
w h i l e  it was s t i l l  i n  8 spin, the recovery was reoorded as grea ter  
than the w b e r  of turns from the time the oontrols  -re moved to 
the time t h e  model struok the  net, ae > 3. A > 3-turn recovery 
does not necessar i ly   indicate  eg improvement over a > 7-turn 
recovery, 

Sen-tunnel tests are  made t o  determine ths spin and reornery 
cha rac t s r i s t i o s  of the model for the normal-spinning control configuv 
ration (elevator full up, a i l e rons  neutral, and rudder full w i t h  the  
spin) and at varfous other aileron-elevator control  aombinations 
fncluding zero and maximum defleotions. Reoovery is generally 
attsmpted by rapid full rudder reversal. Tests are also psrformd 
t o  evaluate   the possible sdverse effects  on recovery of m a l l  
deviat ions From the norial-control oonffguraticn for spfnning. 
For t b s e  t e s t s ,  the a i l e rons   a r e  set a t  one-thfrd of  the full + 

deflect ion in-the di reo t ion  oonduoive to slower reooveries, and t h e .  
elevator is general ly  s a t  at two-thirds of i t s  full-up deflection. . . 
For t h i s  model, t e s t s  were performed with tho ailerons one-thFrd with 
and one-third against the spin for the normal-Pighter loading, as 
it was not obvicus whether ailerons partially deflected with or 
against -&e spin would cause slower recoveries. For the takeaoff 
fighter loading, tests mre performed with the a i l e rons  one-third 
with  the spin. Reornery i s  usually  attempted by rapidly reversing 
the rudder from fill with t o  two-thirds against the spin. The 
recovery charac te r i s t ios  o f  the model q e  considered sa t f s fao tory  
if reoovery requires no more than 2- 1 . turns. 

- 4  
The testing teohnique for determining the optimum size of, and 

the t o w l i n e  length for, spin-rsoovery parsohutes is desoribed in 
d e t a i l  In rsferecce 2. For t h e  tail paraohute t e s t s ,  the parachute 
p a k  snd towline were attached t o  the model mar the  rear of  t he  
fuselage belm the horizontal  tail on the Znbaard side of the 
fuselage (right s i d e  of thE fuselage in a r i g h t  spir.). As previously 
mentioned, the wraohute was opened f o r  the recovery attempts by 
autuating the remote-oontrol mechanism. For t h e  current spin- 
reoovery paraohu%s t e s t s ,  the tawline lengths betmsen the mode1 
and the paraohute was 35 f e e t  when the parachute was atteohsd at 
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the tai l .  Ring-tip  parachutes were attaahed t o  the outer wing t i p  
(lef't wing t f p  in a r i g h t  spin) . %hen the parachute m6 attached 
to the wing t i p ,  the towline length wae 80 adjusted that the 
parachute would j u s t  o lear  the fuselage. In  every case, the  folded 
parachute w a s  plaoed on the fuselage or on the wing is such a 
position that i t . d i d  not fnfluenoe the steady spin bcfore the 
parachute was opened. It is reomended tha t  f o r  full-scale 
wing-parachute i n s t a l l a t ions ,   t ha t  the paraahute be paoked within 
the airplane structure. All paraahutee ahould be provided  with a 
positive means af ejection. For the ourrent teat@, tho oon t ro l a  
were not  moped during recovery EO r e o m r y  was due e n t i r e l y  to the 
e f f e c t  of opening the  paraohute. Flat-s i lk  pmaohutes having a drag 
coefficient of approximately 0.77 for the wing-tip parachutes axzd 
O i 6 s  f o r  the t a f l  parachutes (based upon the canopy area measured 
with the paraohute sproctd out flat on a f l a t  surfdioe) wcre used f o r  
the spfn-reaovery paraohute t e s t s .  

PRZI S ION 

The model t e s t  results presented are bel ieved to be the trw 
values given by the  =de1 w i t h i n  t b  following  limfts: 

degree . . . . . . . . . . . . . . . . . . . . . . . . . . .  21 
x d e g r e e  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
V,peroent . . . . . . . . . . . . . . . . . . . . . . . . . . .  + -5. 

peraermt . . . . . . . . . . . . . . . . . . . . . . . . . .  52 hlb turn when obtained from 

.- 

Turn for  reoovery . . . . . . . J motion-picture  records 
' : w2 turn when obtained by i visual estimate 

L 

The preoeding limits nay have been exceeded f o r  a l a rgo  propartion 
of the spins i n  which it was d i f f i c u l t  t o  con t ro l  the model in the 
tunnaI beoause of the  high rate of desoent or  because of the wandering 
or osoillatory nature of the spin. 

' Cmparison-be$ween model and e-irplane spin r e s u l t s  (referenoes 1 
and 3 )  indioates  that spin-tunnel results are  not always i n  oamplete 
cgreament  with airplane spin results.  In  general, the model spun 
at a s m w h a t   s n a l l e r  angle o f  attack., a t  a sonewhat hither rate 
, o f  .descbnt, and a t  f rom 5' to IOo more outward sideslip than did 
ths airplane. The amparison made in referenos 3 for 20 airplanes 
showed that 80 peroent of th6 mod015 predioted sa t i s f ao to r i ly  the 
number of turns required for  reomcry from the spin f o r  the oorresponding 
airplanes and that 10 percent overestimated and 10 percent under- 
estimated the  numbcr of turns  required, L i t t l e  can be s tated about 

\ 



the preoision of the pflot-escape t e s t s  as no comparable a i r p h n e  
data  a r e  evai lable .  I t  is felt, however, t h a t  i f  the dumy T i l o t  
is observed t o  c l ea r  all parts  of  the model by a large =gin after 
b 8 b g  re leased, then the t e s t s  indiaate that the pilot o m  sa fe ly  

. escape. 

Because it is impraoticable  to ballast the model sxaotly, and 
bscause  of the inadvertent damage t o  the model during t e s t s ,  the 
measured weight and mass d i s t r ibu t ion  of thE XFm-I model varied f'rom 
ths true scaled-down values  withfn  the followfng limits: 

Weight, percent . . . . . . . . . . . . . . . . . .  1 low to 3 high 

percen> ii . . . . . . . . . . .  1 forward -to 2 rearward of normal 
Moments Ix, percent . . . . . . . . . . . . . . .  1 low to 4 high 

Center-of-gravity location, 

of ; ry, peroent . . . . . . . . . . . . . . .  2 low to 6 high 
Inertia , Iz, peroent . . . . . . . . . . . . . . .  1 &lox to 6 hrgh 

I 

The acouracy o f  neasuting the  weight and the mass dfstributian 
is believed t o  be wikhin the f6 l lmfag  lhi ts :  

R'eight, percent . . . . . . . . . . fl 
Center-of-gravity looation, paroent G . . . . . . . . . . . . .  21 
Moments of i ne r t f a ,  peroent . . .  . * ; . . . . . . . . . . . .  25 
Controls wers set with an aoouraay of -1'. 

THST CONDIT1C)NS 

Testso~ere performed for t he  model conditions listed on 
t ab l e  If. The mass cha rao te r i s t i c s  and mass parameters  possible on 
the airplone are . ind ica ted  on table 111. The 111868 parameters fo r  
t h e  loadings possible on ths xF6~-1 airplan,  and for the loadings 
tested on the model, are a l s o  shom i n  f igure  6. As discussed i n  

effect iveness  of t h e  oontrols on the  reoovery  characteriatics of the 
' reference 4, figure 6 can be used in   p red ic t ing  the relative 

mod6 1. 

The tail-damping power faotor was computed by the method 
dsecribed in   re fe renoe  5. 
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The maximum control  defleotians uaed in the t e s t 6  Beret 

Rudder, degrees . . . . . . . . . . . . . . . . .  20 right, 20 l e f t  
Elevator, degrees . . . . . . . . . . . . . . . . .  25 up, 20 down 
Ailerons, de-Gees . . : . i . 17 UP, 17 down 

The inbmediats  oont ro l  deflectfans used were: 

Rudder, twodthirds de f l eo ted ,  degrees . . . . . . . . . . . . . .  13 
Elevator, two-thirds u?, degrees . . . . . . . . . . . . . . . .  17 
E l w a t o r ,  one-third down, degrees 7 
Ailerons, one-third defleoted,  degrees . . . . . . . .  6 up, 6 down 

. .  . . . . . . . . . . . . . . . .  
Flaps, degree6 (aruising) . . . . . . . . . . . . . . . . . .  4 down 

Tests were performed nith var ia t ions  in center-of-gravity 
position in order t o  allow for the limits of aocuraoy of t h e  computed 
full-scale and model values and also t o  allow for any rearrangpment 
of loadfng that m i g h t  lead t o  a apinning condition frm which recovery 
might be slower than for  the  normal-fighter loading. The aetght  
m d  mas8 distribution were held a,pproximatoly oonetant  when the 
osntsr-of-gravity looation was changed, 

RESULTS A.Rl DISCUSS103 

The results of the spin t e s t s  of the model are presented on 
charts 1 to 6 and an table V. The model data are presented in terms 
of the full-sasle values for the  airplane at a t e s t  altitude of 
15,000 feet. 

Preliminary t e a t s  of the model showed that recover ie s  frcm l e f t  
and rbht spins differed v 6 4  l i t t l e .  Results are arbitrarily 
presented in  terms of equivalent r i g h t  sDins, t h a t .  i 8,- for the 
airplane turniag t o  t h e  pilotis r igh t .  .. 

Normal-Fighter hading 

Eigh-sDeed condition.- The t e s t  reeults obtained with the 
XF60-1 model in the normal-fighter loading and high-speed condition 
( f l a p s m d  Landing gear fully retrsoted) are presented in char t  1. 
The model l o a d i r g  condition i s  represented-by poin t  1 on table I11 
and figure 6 .  For tho narmal-aontrol-aonfiguration for spinning 
(elevator f u l l  up, ailsroner neutral ,  and rudder full with ,the spin) I 

the model behaved as follows when the i n i t i a l  launohinlq ro ta t ion  
was expended: the model b6oamc exoeedingly osc i l la tory  in  pitch, 
yaw, and r o l l ;  the attitudes af the fuselage varied from sxtremely 
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f lat  to   inver ted  angles, and the wings oscil lated  through a wide 
range; a t  times the  model ro l l ed  the autboard wing down as it 
glided a shor t  dtstance, then, a s  it began t u r n k g  to the right 
again, the  model  would pick up the outboard wing and yaw the inbomd 
w3ng dommard.(See f i g ,  7j) The vertiual airspeed during this motion 
varied from approximately 260 t o .292  f e e t  per second ( f u l l  scale). 
Although recoveries by f u l l  rudder reversal were rapid, the model 

. oooaeionally began turning in the other di reo t ion  almost inmediately 
after rudder  reversal. ( See fig. 8,) Neutralization  of  the rudder 
was no t  always su f f io i en t  to satisfactorily ternhate the  motion 
fo r  t h i s  control oonfiguratfon. For the oontrol set t ing  with  both 
the ailfirone and the   e levator  s e t  to neutral, however., merely 
neut ra l iz ing  t h e  rudder did give satisfactory reooveries and the 
ensuing  f l ight  path after reeovery m e  u steep glide. On the basis 
of these   resu l t s ,  it i s  recommended that a l l  oontrols be neutralfzed 
fo r  safe r eomer f s s  from the spinning airplane. 

c 

liken the a i le rons  were full against the spin and the   e leva tor  
was fill up, the  motions of' the  model were as follows: Rhen the 
i n i t i d  spinning r o t a t i o n  to the r l g h t  (imparted t o   t h e  model on 
hunohing) was expended, th6 model beaame increasingly osc i l l a to ry  
in   pi toh,  yaw, and r .ol l  until the outboard wing was yawed  down 
approximtely 9 0 ;  at this po in t  the model rol led over on its b o k  
t o  the l e f t  (in the   d i rec t ian  of the   a i le ron   se t t ing)  and then 
aontinued turning t o  the l e f t  i n  8 s e r i e s  of ereot  and  inverted 
a t t i t u d e s  that appeared to be a le f t  rolL(See f ig .  9.) During t h i s  
motion the rudder reminsd filly del lectod to the r i g h t  (in the 
di rec t ion  o f  the or ig ina l  epin rotation). Although the origirial  
spin ro ta t ion  was thus terminated, it is poss ib le   tha t  the airplane 
may e n c o m k r  the sane motions  experienoed by the  model for  this 
oontrol  setting, but neutral izat ion  of  a l l  oontrals should terminate 
the  motion  rapidly. 

Sett ing  the ailerons to full with the  spin, elevator f u l l  up, 
resu l ted  i n  a spin t h a t  was generally similar to the elevator-up, 
ai leron-neutral  spin. (See f fg .  loo) Btico~ery by full rudder 
reversa l  frm this oontrol s e t t i n g  pras rapid, but usually resul ted 
in an inverted spin. ( Sse fig. 11, ] 

Cruising  oondit20n. - Results  obtained for tes ts  with ths model 
i n  the normal-fighfxr loading and oruising  oondition (flaps Lo 
deflected a d  landing gear retraoted) a r e  prsssnted on cha r t  2. 
These r e s u l t s  were general ly  similar t o  those obtained for the  
high-speed cmdition. 
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s i n t e r  of gravity* 5 percant o f  the isan aerdynsunic chord 
f o m d  of the norm1 centar-of-gravity position (obtained on the  
airplane by removal of the   fue l  in the rear tank etnd the ai 1) 
These r e s u l t s  were generally similar to those obtained for t he  normal 
loading exclept t ha t   t he   o so i l l a t ions  enoountered by the  model 
for t h e  normal-spin oontrdl omfigura t ion  (ailerans neutral ,   e levator  
full up, and rudder fill with the spin) ware somewhat l e s s   v io l en t  
with the center  of  gravity moved farward. In wldit ion,  when the 
a i l e rom were f u l l   a g a i n s t   t h e  spin and the elevator full up it 
was possible  t o   o b t a b  a flat apin h.m whiah recovery by rudder 

, r eve r sa l  was very slow. 

Center of gravity, "M peraent man aerodphmio ahord rearward 
of normal.- C h a r t  4 shows the results obtained w i t h  the  center of 
gravi ty  moved 20 peroent of t he  mean aerodyaamio  ohord  rearward of 

' the normal position. (This center-of-gravity p a i t l m  can be obtained 
on t h e  airplane by removal. of the armament, the fuel  i n  the front 
tetnk, and the navigation and miscellaneous equipment.) For t h i s  
loading, tkme osci l la t iozis  appeared t o  be aooentuated and both a i l e r a -  
agains t  and ai leron-neutral  spins exhibi ted  resu l t6  sfml,lar to those 
previously obtained only f o r  the aileron-against  spins f o r  the normal- 
fighter loading. The aileron-with spins were somewhat similar t o  
the comesponding af le rm-wi th  spins obtained f o r  the normal-fighter 
loading. 

Ef'feot of In s t a l l i ng  External Ning-Tip h e 1  Tanks 

Take-off f igh te r  loading.- The t e s t  r e s u l t s  obtained with the 
fully-loaded  wing-tip  fuel tanks installed on the model to eimulate 
the .t&e-off fi&ter loading are presentgd on ohart 5 .  This loading 
is represented by p o h C  2 on t ab l e  111 and figure 6. As fs shown 

'on char t  5, the slsins were somewhat osoillatory in pftoh and yaw 
and reaovery by rudder reversal alone was unsatisfaotory. When the 
rudder reversal was aOCampRniQd by f u l l  and simultaneous reversal 
of  the elevator, however, sa t i s f ac to ry   r eomer i e s  were obtained. 
In order t o  obtain an indicat ion of the sensitivity of the model 
to rudder and elevator movement during a reomry,  reooveri.ea  were 
attempted by simultaneously reverskg the rudder to only h o - t h i r d s  
against the spin and the elevator  t o  one-third down. The sfleroas 
were plaoed one-third with the  spin ( i n  the direction oonduoipe 
t o  slow reooveries for this loading) the elevator was s e t  full up, 
and the ruddsr was placed full with the spin f o r  these t e s t s .  



An 0scilla.t;ory spin was obtained f o r  this oonh-01 se t t i ng  and 
r ecomr ie s  were e i the r   s a t i s f ao to ry  or unsatisfactory  deyending on 
whethsr the model was i n  the s t eep  OF flat phase of the o s o i l l a t i o n ,  
respective.ly. Thus, it aqxars that unsat isfaotory  recoveries  may 
bs obtained with the airplane in t h i s  loading unless spec ia l  
provisions are made on the a i r p l a n e   t o  insure fill e leva tor  and 
rudder reversal during the sFin. Heme, i f  a spin is inadvertently 
encountered wi th  the airplane i n  khe take-off f igh te r  loading, if 
recovery does not anpear Imminent nftor the n o m 1  mnipu la t ion  of 
t k e  cont ro ls   ( reversa l  of the rudder follawed approximately 8 t w n  
kt6r k'y rGverssl o f .  the e leva tor )  it is r e o m n d e d  the 
following procedure be fol lowed:   je t t ison the wing-tip fuel tanks, 
pull  the s t i c k  f u l l  back and l a t e ra l ly   nex t r a l ,  s o t  the  rudder with 
the spin, then briskly nsu t r a l f ze  both rudder 3rd elevator.  

A s m e t r i o  loading with one empty and one f u l l  external wing- 
tip f u e l  teak.- Choe-Vough-t requested that t e s t s  bo made t o  
aetermine the m.odel sp in   oharaoter i s t ics  with one f u l l  and one empty 
wing-tirj tank ins ta l led .  Chsrt 5 shm-s the' results obtained with 
the mode1 loaded t o  stmulate the airplaqe rt.ith a fully loaded outer 
( l e f t  in a right spin) wing-tip fuel tank and an empty h n e r  wfng- 
t i p  f u e l  tank (point  3 on table  111 and fig. 6 ) .  %%en the rudder 
was fully rewrscd,   the   reooveries  mre gsaerally unsatisfaotory 
md were samewhat similar t o  those  obtained  for the take-off f ighter  

simultaneous reversa l  of rudder and elevator. 
' loading. Unsatisfactory recoverics xiere also obtained by f'ull 

With the model loaded  asymnetrioally ir, the o ther   d i reo t ion  
(full inner tank), the model wandered eo badly that it oould n o t  
be maintained i n  the tunnel long enough t o  obtain any test  data. 

Based on the r e s u l t s  obtained a i t h  the wing-tip t a n k s  i n s t a l l e d  
on the model, j e t t i son ing  o f  the -8 as recamsended f o r  the 
take-off f i g h t e r  condition is reocmnended fo r  any loading condition 
with e x t e r n a l   f u e l  tanks instal led.  

2000-Pound Overload Canditinn 

In order to simulate a condition of a general inorease in 
over-all  weight which is ncm%lly enoountered in the ' deve lopen t  
phase o f  new designs, it was suggested by Chanoe Tough* that a 
2000-~0md overload oondition be simulat-ed on the model, the radii 
of gyration and the cents r  of gravity  remaining ths same as f o r   t h e  
normal-fighter loading. Thaae t e s t s  were not  oonducted beoause 
it appeared &om the t e s t  results obtsined with the  normal loadings 
that such an overload condition would affect recoveries very 
slightly. 
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Inverted Spfns 

The resul ts   obtained f o r  the invertsd sp in  tests are presbpbbd 
on char t  6. 'ke order used on the  o h a r t  f o r  presenting the data  for 
inverted spins i s  def feren t  from that used for  erect 8pin8. For 
inverted spins, "controls  orossed" (right rudder pedal  forward and 
stiok t o   t h e   p i l o t ' s   l e f t  when the   a i rplane is spinning t o  the pilot's 
r fgh t )  f o r  the developed q i n  is plo t ted  to the  r igh t  o f  the char t  
and " s t i ck  back' i s  plot ted at t he  bottom. When the coritrols a r e  
orosaed in the  developed spin, the ailerons aid the r o l l i n g  motion; 
when aontrols are together,   the ailerons oppose the r o l l i n g  motion. 
The angle of wing ti It on the  chart ib givm a8 uD or down r e l a t ive  
t o  the ground. 

Xsarly a l l  of the  inverted spins  obtained were wandering and 
osc i l la tory ,  but recovery by f u l l  ruddsr reversal from these s p i n s  
was generally sa t i s fmtn ry .  As is icdioated on the  chart, the model 
would not  snin inverted for several   control   se t t ings,  but would r o l l  
over i n t o  an areut spin. When the elevator and ailerans were s e t  t o  
neutral ,  merely neut ra l iz ing  the rudder  -w-tisfactorily  teiminated 
the snin, and, acsordingly, it; is recommenhed ail c a n t r o b  be 
neutralized  for  reoottery frm any inverted spin obtained on t h e  airplane.  

. " 

min-Recovery 'prlraohutes , c 

The resul ts  of t e s t s  performed with spin-recovery paraahutes 
attaahed t o  eitber the outboard wing t i p  -of t k e  _model or t o  the tall 
of the  model a r e  presented i n  table V. The model was in the normal 
loading  for  these t e s t s .  

With the spin-recovery paraohute  attzchsd t o  the  tail, t h e  
results hc l ioa t ed  t h a t   s a t i s f a a t o r y  rsaovsry would be obtained by 
opening. an 8-foot  (full-scale)  diameter  paraohute wfth.35-fook 
tawlino.  Satisfacotry reoovery was a l s o  obtained when a 5-foot  
( ful l -soale)  diameter Darschute at tached t o  the outboard wing t i p  
of the model was opaned. As previously  mentioned,  the  towline  length 
of Daraohute,attaohed t o  the wing t i p  was of suoh length that the 
over-all extended  length of paraohute, shroud l ines ,  and towline 
j u s t   c l ea red  the fuselage. 

Filot-EsaaDe Tests 

The r e s u l t s  of the pilot-esoape tests indioated t h a t  escape 
k o m  t h e  spinning airblane aould be made fram the outboard side 
(left side i n  a right sDin) when the airplane is i n  the f la t  phase of 
the osc i l l a to ry  spin, hut when the a i r r J h e  is in the steep phnse 
of the   oeoi l la t ion,  th61-e is danger of the  pilot h i t t i n g  -. - 



the leading edge of  the outboard wing. If, however, the pdlot  attempts 
to eaoape from the  inboard s i d e  of  the  spinning airplane, the r e s u l t s  
of the model tests with the dummy p i l o t  showed that he would hlt the 
leading edge of the outboard wing when t h s  airplane is i n  8 flat 
a t t i t u d e  and that he would h i t  the s tab i l i zer  when the   a i rp lane  is 
in a s t sep   a t t i t ude .  From these results, it appears t h a t  in an 
emsrgenoy, the pi166 should jump frun the outboard side  during the 
f la t  phase of t he  osoillation so that he may get under the outboard 
wing immediately after he leaves the airplane.  Beaause o f  the 
P i o l e n t   s r r a t i o   o s o i l l a t i o n s  enuountered in the spin, it m y  be 
advisable t o  pr~vide a posi t ive ejection mechanism f o r  the p i l o t  
to insure safe esoape from the spinning airplane. 

Con* ol Faroe s 

The disoussion of the r e s u l t s  so far has been baaed on oontrol 
effechiveness alone without regard t o  the foroes required t o  move 
t h e  controls. For all tests, suffioilent foroe was applied to the 
controls to move them f i l l y  and rapfdly. Suf'fioient force  must be 
apDlied t o  the airDlane oontrols t o  move them in a simflar m m r  
in order for the model and ajtrplane re sulks to be oamparable. 

A hinge moment was a p p l i e d  t o  the rudder on the  m o d e l  equfvalent 
to a l5O-pound, full-scale, rudder pedal force,  and model t e a t s  
showed that t h i s  foroe would be suffiolent to insure sa t i s f ac to ry  
reoovery.  This foroe is wi th in   t he   cepab l l i t i s s  of a pilot. 
Booause o f  t h e  i ne r t i a ,  mass-balance ef feo ts ,  f r i o t f o n  ef fec ts ,  
and  possible  scale  effeuts, these results are only a qualiiative 
indioation of the aatual force that may be sxperienoed. 

-ding Condition 

The landing  oondition ( landing gear extended and f l a p s  deflected 50') 
was not   t es ted  on the model inasmuoh as uurrent Navy apecif ioat ions 
require airplanes in the landing oondition t o  demonstrate  satisfactory 
recovery oharao te r i s t i c s  from only 1-turnaspins ,  Ekperienoe indioates 
that a splrming airplane it3 s t i l l  il.1 the inciplent phase of the 
spin a t  the end o f  1 turn end recovery is usually readily obtained. 

An analysis  of r e s u l t s  o f  full-soale m d  node1 t e s t s  t o  
determine the e f f e o t  of flaps and landing gear indioates that the 
xF6u-1 a i rp lane  will reuover s a t i s f a o t o r f l y  frm Q 1-turn inoipieat 
spin i n  the lmding  aondition but that reooveries f r c m  f u l l y  
developed spins in the landing oondition.may be unsatisfaotory. It 
is recommended therefore  that the flaps bs aeutralizsd and reornery 
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attempted i m d i a t e l y  upan inadvertently entering a epfn in the 
landing condition i n  order t o  insura that transitia &om the  
i n c i p i e n t   t o  the fu l ly  developed spin does not  take place. 

CONCLUSIWS AND RECCWERDATIONS 

Based upon the  resultG of spin t e s t s  o f  a 1/X1-scale model of 
the  Chanoe-Vought m6u-1 airplane, the follming oonolusfons and 
reoonmtendations regarding the spin and recovery oharaa te r fs t ios  o f  
*he airglane at 55,000 feet  are made I 

1. For the normal f igh te r  loading, w i t h  the airplans in  
e i ther   the  orui-sing or high-speed  configurbtion, the airolane w i l l  
be violently osc i l l a to ry  i n  pitoh, yaw, and r o l l ;   r e v e r s i n g  the 
rudder will ef fec t  rapid recoveries but w i l l  probably 08use the  
ai rplane t o  begin spinning in the other direction; n e u t r a l i e a t i m  
of a l l  C O ~ ‘ k 0 ~ 6  is reoommendsd for raoovery beoause this procedure 
w i l l  terminate the  spin, and the ensuing f l i g h t  pa th  after reowery 
will be a steep glide. 

2. Mming the  oenter of gravi ty  forward will tend t o  oause 
the a i rp lane  t o  s p i n  sanewhat l e s s  violently whereas moving the 
oonlxr of p,ravity re?mard will tend to aooentuate the osc i l l a t ions  
in t h o  6plTl. 

3. For the take-off f igh te r  loading, full e leva tor   reversa l  
w i l l  probably be required i n  conjunotion ~ 5 t h  rudder  reveraal t o  
insure satisfautory  reaovery. If recovery does not appear M n e n t  
after a recovery  attempt fs made, the  tanks should be jettisbned. 

4. Satisfactory reooveries from inverted spins will be obtained 
by neut ra l iz ing  a l l  aontrols.  

5. A 5-fo0t wing parerohute or an 8-foot tail parachute (drag 
ooeff ioient  0.77 and 0.68, respectively) w i l l  be effective fo r  
emergonay reooveriss from demonstration spins. 

6, If it i s  neaossary for the p i l o t  t o  abandon thc  spinning 
aimlane, he should  attemct escape f’rm the  outboard side during 
the flat phase of the osaf l la t ion.  Beoausc of the errstic oecillatory 
motion indioatsd for the  airplane during the spin, it may be advisable 
t o  provide positive efec t ian  meohsnim for the p i l o t  t o  insure 
that he olenrs the airplane. 



7. The rudder pedal for66 requfred to effeot  8 reoovery 
will probably be wtthin the oapabilit ies of the p i l o t .  

. . . . . . . . . . . ” 

Langley Memorial  Aeronautfoal Laboratory 
.. . . 

Nattonal Advisory Gammittee for Aeronautics 
Langley Field,  Va. 

-ti& A. Soule’ 
Chief of‘ Stability Researoh Dfvision 
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kngth, wer all. ft . . . . . . . . . . . . . . . . . . . . .  32.83 
NormalvtBight. lb . . . . . . . . . . . . . . . . . . . . .  9025.2 
Normal center-of-gravity location. percent E . . . . . . . .  31.03 
Wing: 

S p m J f k  . . . . . . . . . . . .  
k e a .  s q f t  . . . . . . . . . . .  
Ssotion. root . . . . . . . . . .  
Section. t i p  . . . . . . . . . .  
Root-chord incidence. deg . . . .  
Tip-ahord inoidence . deg . . . .  
Aspect ratio . . . . . . . . . .  
Swaepback of leading edge. deg 
Dihedral of  wing. deg . . . . . .  
Mom aerodynamio chord. in . . . 
Leading edge c' aft leadingedge 

................ 3 2 4  . . . . . . . . . . . . .  a3.5 . . EiaCA 65(215) - 1 4  (6 = 1) . EACA 651-212(a ='  Oi6) . . . . . . . . . . . . . .  2.0 . . . . . . . . . . . . .  -1.0 . . . . . . . . . . . . . .  5.3 . . . . . . . . . . . . .  4.34 . . . . . . . . . . . . .  0 . 4  . . . . . . . . . . . . . .  77.5 
root ohord. in . . . . . .  6.75 

Flaps : 
T o t a l a r e n .  s q f t  . . . . . . . . . . . . . . . . . . . .  *33.&J 
bban chord. percent o f  . . . . . . . . . . . . . . . . .  33.1 
&an. poroent of b/2 . . . . . . . . . . . . . . . . . . .  50.0 

A3 ler ons : 
Totalarea. a q  ft.... . . . . . . . . . . . . . . . . .  ..tO 
T o t a l  area aft of hinge line. sq ft . . . . . . . . . . . .  4.20 
Hean chord. percent of 5 . . . . . . . . . . . . . . . . .  26.5 
Span. percent of h/2 . . . . . . . . . . . . . . . . . . .  36.1 

Horizontal t a i l  surfaces: 
Total area. sq ft . . . . . . . . . . . . . . . . . . . . .  45.8 

Elevstor area. sq It . . . . . . . . . . . . . . . . . . .  15.0 
Distanoe from normal 0.g. t o  elevator hinge line. f't . . .  16.19 
S P m J f t  . . . . . . . . . . . . . . . . . . . . . . . . .  14.3 

Vsrt ioal  tail surfaces: 
Total area. sq  f ' t  . . . . . . . . . . . . . . . . . . . .  26.60 
T o t a l  rudder area. s q  F t  . . . . . . . . . . . . . . . . . .  9.4 
Pistarme f rom normal 0.g. to rudder hinge line. ft . . b . 16.51 

Tail-damping Dower -feotor . . . . . . . . . . . . . . .  803 x 
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LYoments of inertia about center of &ravity, m o d e l  values converted to 

aori-e-spoading f i l l -scale  values-: 
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i Paraohute , 
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aThe length of the towline for the Xing-tip paraohutes WELS such that 
the over-all extended lenEth of paraohute, shroud lfnes, and 

tip to the f'uselage. 
F tow1ine was approximately equal ko the distanoe f'rom the wing 
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F i g u r e  2.- P h o t o g r a p h  o f  t h e   - - s c a l e   m o d e l  o f  t h e  1 
20 

Chance-Vought X F G U - 1  a i r p l a n e  i n  t h e   h i g h - s p e e d  
c o n d i t i o n   ( f l a p s   a n d  l a n d i n g   g e a r   r e t r a c t e d ] .  
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F i g u r e  3.- Pho tograph  of t h e  -- s c a l e  model of the 
20 

Chance-Vought XFGU-1 airplane i n  t h e   c r u i s i n g  con- 
d i t i o n   ( f l a p s   e x t e n d e d  4 d e g r e e s   a n d   l a n d i n g  gear 
r e t r a c t e d  I .  - NATIONAL ADVISORI MMMIT7EE ?OR mos(umts 

-EY MEMORIAL AERONAUTICAL LABORATORY - Lh-y ~ ~ E L D .  VI. 

----- 
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Figure 4.- photograph of a --scale model  of  the 

Chance-Vought X F G U - 1  airplane  with  the  Wing-tiP 
fuel  tanks installed. 

NATlONAL ADVlSORY COMLYTEE FOR A E I W I I A U T I C I  

-EY YEYORlAL AERUiAUTtGN LAWRATORY - LANGLEY FIELD. V I .  
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F i g u r e  5. -  Pho tograph  showing the ---scale model o f  t h e  

Chance-Vought X F G U - 1  a i r p l a n e   s p i n n i n g   i n  the 2 0 - f o o t  
f r e e - s p i n n i n g   t u n n e l .  

N A T W L  AWISORY G W Y T T E E  FOR “ U T I C S  
LANoLEl YEYORIAL NRONALITCAL -TORT - L-EY FIELO. V I .  --# 
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Figure 7 . -  Typical   motion o f  a -- scale  model of t h e  XFGU-1 a i r p l a n e  
20 

w i t h   a i l e r o n s   n e u t F a l ,   e l e v a t o r   f u l l  up ,  and rudder f u l l  w i t h   t h e  
spin. Normal f i g h t e r   l o a d i n g .  32 frames per second. 

NATIONAL ADYISORY GOUMTTEE FOR A E R O N M l t f  

U n m E Y  YEYORIAL lLRawUTGAL LABORATORY - LANGLEY -LO. VA. 
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Figure 7. -  Continued. 
' NATIONAL lDVlMRy C0YL)ITTEE FOR A E R O N U m t S  

LAMLEY MEYORIAL AEROIUUTCAL UBORATORY - LWOLLI FIELD. V I  
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Figure 7 . -  Concluded. 
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Figure 8 . -  Typical  motion o f  a -- s c a l e  model of the XFGSI-I a irplane 20 
during a recovery  w i t h  the a i l e r o n 8   n . e u t r a l  and the e l e v a t o r  full 
u p .  Normal fighter loading. 32 frames per aecond. 

HATUNAL ADVISORY COUMJTTEE FOR AERONAUTICS 

L4NljLEY MCYORIAL AERON'IUTKIL L-TORY - LANGLEY FIELD. VA 
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Figure  9 . -  Typica l   mot ion   o f  a -- e c a l e  model o f  t h e  X F 6 U - 1  a i r p l a n e  
20 

w i t h   a i l e r o n s  f u l l  a g a i n s t   t h e  s p i n ,  e l e v a t o r  full up,  and rudder f u l l  
w i t h   t h e  spin. Normal f i g h t e r   l o a d i n g .  64  frames per  second.  
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Figure 9 .  - Concluded. 
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- Figure 10.- Typical   motion o f  a -- ecale model o f  t h e  XF6U-1 a i r p l a n e  
with a i l e r o n s  f u l l  w i t h   t h e   s p i n ,   e l e v a t o r  f u l l  up,  and  rudder full 
w i t h   t h e   s p i n .  Normal f i g h t e r   l o a d i n g .  64  frames per second. 
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Figure 10.- Concluded. 
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Figure 11.-  Typical   motion o f  a; -- e c a l e  model of t h e  XFGU-1 airplane c 

dur ing  a r e c o v e r y   w i t h   t h e   a i l e r o n s  full with   the  spin and the  e l e -  
v a t o r   f u l l  up. Normal f i g h t e r   l o a d i n g .  6 4  frames per second. 
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Figure 11.- Concluded.  
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